INTRODUCTION
In recent years it has become evident that human polymorphonuclear leucocytes (PMN) have the ability to synthesize and secrete a number of proteins [1] , including several inflammatory cytokines such as tumour necrosis factor-ax (TNFa), interleukin-la and -1,/ (IL-la/,3), the IL-1 receptor antagonist (IL-Ira), IL-8, IL-12, macrophage inflammatory protein-la and -/l3 and transforming growth factor-,/ [1, 2] . Although on a per cell basis PMN produce lower amounts of cytokines than do monocytes, the contribution of PMN-derived cytokines is likely to be of considerable importance at sites of acute inflammation, where they clearly predominate over other cell types [2] .
IL-8, a member of the recently discovered family ofchemotactic cytokines (reviewed in [3] ), was originally described as a neutrophil chemotactic and activating peptide [4] . Various cell types are known to express IL-8 mRNA and to secrete the protein. These include monocytes, keratinocytes, epithelial cells, fibroblasts, endothelial cells, synoviocytes and T cells [3] . In addition, we [5, 6] and other groups [7] [8] [9] have shown that activated PMN also have the ability to secrete large quantities of IL-8. Recent studies addressing the regulation of IL-8 gene and protein expression in PMN have revealed that these responses can be modulated by immunoregulatory cytokines such as interferon-y (IFNy) [10, 11] , IL-4 [8, 12] and IL-10 [8, 13, 14] . Collectively, these observations suggest that the ability of PMN to release IL-8, and thus to potentially amplify inflammatory responses by promoting the recruitment of further PMN to inflammatory foci, is tightly controlled.
Little is known, however, about the molecular mechanisms by which IL-8 gene expression is regulated in PMN. This probably owes a lot to the difficulties encountered in attempting to detect the low transcriptional activity of these cells [8, 15] . In 
MATERIALS AND METHODS
Cell purfflcation and culture PMN were prepared under endotoxin-free conditions and were made virtually free of monocytes (< 0.5 %), as previously described [16] . Immediately following purification, PMN were resuspended at (5-10) x 106 cells/ml in RPMI-1640 medium supplemented with antibiotics and 10 % (v/v) low-endotoxin fetal calf serum (LPS content < 0.006 ng/ml; Irvine Scientific, Santanna, CA, U.S.A.), stimulated with 1 ,tg/ml LPS (from Escherichia coli 026: B6; purchased from Sigma, St. Louis, MO, U.S.A.) [10, 11] , and cultured at 37°C in polystyrene flasks (Greiner, Nurtingen, Germany). In selected experiments, PMN were preincubated for 20 min with the following agents prior to LPS addition: 20 jug/ml cycloheximide (CHX) (a dose which produced a > 95 % decrease in the incorporation of [35S]methionine into trichloroacetic acid-precipitable material [10] ), 5 jug/ml actinomycin D or 100 units/ml recombinant human IFNy (specific activity 5 x 107 units/mg; endotoxin free; kindly provided by Dr. G. Garotta of Hoffman-LaRoche, Basel, Switzerland) [10, 11] . In other experiments, PMN were exposed to IFNy or its diluent and then to LPS, and were finally incubated with actinomycin D for various intervals of time after stimulation. All reagents used were dissolved in clinical pyrogenfree water [16, 17] . LPS, lipopolysaccharide; IFNy, interferon-y; TNFa, tumour necrosis factor-RNA isolation and Northern blot analysis Total RNA was isolated, analysed and quantified as previously described [17] . Samples of 10ug of total RNA were loaded on each gel lane. Human IL-8, IL-1,, IL-6, 47 kDa cytosolic component ofthe NADPH oxidase (p47-phox) and actin mRNAs were detected by hybridization of the filters with denatured 32P_ labelled cDNA fragments (Ready-to-go Kit; Pharmacia, Uppsala, Sweden). The extent of hybridization was quantified by laser densitometry (Ultrascan XL; LKB Instruments Inc., Gaithersburg, MD, U.S.A.) of the autoradiograms and results were plotted after normalization for loading on the basis of hybridization to actin. The absence of monocyte RNA contamination was confirmed by lack of hybridization with an IL-6 cDNA probe [8, 16] .
Nuclear run-on assays Nuclear run-on experiments were performed as previously described [18] . Briefly, after preincubation with IFNy for 15 with LPS in the presence of metabolic inhibitors. Figure 1 shows that inhibition of protein synthesis by CHX not only augmented, as already described [7, 10] , the basal levels of IL-8 transcripts, but further increased the IL-8 mRNA accumulation induced by LPS. In contrast, while the basal levels of the mRNA encoding the 47 kDa cytosolic component of the NADPH oxidase system (p47-phox) were also increased by CHX [18] , they were not influenced by LPS. These results indicated that the stimulatory effect of LPS towards IL-8 mRNA steady-state levels is independent of de novo protein synthesis. Nuclei were prepared from PMN cultured for 4 h in the presence of LPS and/or IFNy, as indicated. After in vitro transcription, purified 32P-labelled nuclear RNAs from each sample were hybridized to IL-8, IL-1fl and ribosomal slot-blotted cDNAs. Full-length plasmid DNAs were also used as negative controls and did not give detectable signals (not shown). Hybridized filters were processed as described in the Materials and methods section and exposed for 46 days. 
Transcriptional regulation of IL-8 expression in PMN
To directly determine whether IL-8 mRNA was induced by LPS at the transcriptional level, nuclear run-on assays were performed in PMN stimulated with LPS. In the same experiments we also investigated the effect of IFNy, which is known to down-regulate the enhancement by LPS of IL-8 mRNA expression [10, 11] .
Whereas unstimulated PMN exhibited little or no IL-8 mRNA synthesis, LPS significantly enhanced the transcription of the IL-8 gene (Figure 3 ), and this enhanced transcription was dramatically inhibited by IFNy (see also 
DISCUSSION
IL-8 is a key factor in the pathogenesis of acute inflammatory diseases [19] . Among its diverse biological activities [19] , chemotaxis as well as activation and regulation of the adhesive properties of neutrophils represent potent functions of this chemokine [3, 4] . Interestingly, while PMN appear to be the principal targets of IL-8 action, they also represent a significant source of IL-8 in response to various stimuli [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [20] [21] [22] [23] [24] [25] [26] . In the present study, we provide the first direct evidence that peripheral blood PMN have the ability to actively transcribe the IL-8 gene in response to LPS. This finding is consistent with the fact that other cell types are known to produce IL-8 through increased transcriptional activities [27] [28] [29] [30] [31] . In contrast, endotoxin failed to alter the stability of IL-8 transcripts. Furthermore, the IL-1,l gene was also found to be transcriptionally activated by LPS, in agreement with previous observations made in PMN stimulated with TNF and/or IL-1 [32] .
In the current study we also demonstrate that the mechanism underlying the inhibitory action of IFNy towards IL-8 mRNA accumulation and protein production is a transcriptional inhibition of IL-8 gene expression. This [14] , recently reported that a significant portion of the inhibitory effect of IL-10 towards LPS-induced IL-8 mRNA accumulation in PMN was correlated with an enhancement of IL-8 mRNA degradation. In this regard, we found that IL-10 also inhibits the rate of LPS-stimulated IL-8 gene transcription in PMN (M. A. Cassatella, S. Gasperini, F. Calzetti, P. P. McDonald and G. Trinchieri, unpublished work). Thus, in contrast to IFNy, IL-10 appears to inhibit LPS-induced IL-8 mRNA accumulation through both inhibition of gene transcription and enhanced mRNA degradation, as described for mononuclear cells [8] . Moreover, in freshly isolated monocytes, IFNy had suppressive effects on basal as well as induced IL-8 mRNA accumulation by acting at the transcriptional level [27] , whereas in the U937 human monocytic cell line, IFNy augmented IL-8 mRNA steady-state levels by enhancing mRNA stability [33] . The above considerations emphasize the complexity of the regulation of IL-8 gene expression by IFNy, as the molecular mechanisms involved not only differ depending upon the stimulus used, but also vary depending on the cell type that an individual stimulus acts upon.
Finally, we also report that treatment of PMN with CHX superinduced the LPS-stimulated mRNA expression, indicating that the enhancement of IL-8 mRNA by LPS did not require de novo protein synthesis. These results are consistent with previous data from this laboratory on the ability of IFNy to downregulate the constitutive expression of IL-8 transcripts in PMN without a requirement for ongoing protein synthesis [10] . Taken together, our results suggest that, in granulocytes, the transcriptional regulation of IL-8 gene expression by IFNy is likely to be mediated by pre-existing factors. In this respect, studies on the cis-acting elements involved in the transcriptional induction of the IL-8 gene by TNF, IL-1 and phorbol esters [34] , or by hepatitis B virus X protein [35] , have identified nuclear factor (NF)-KB-like and NF/IL-6-like sites as necessary and sufficient to confer inducibility. Similarly, studies in which treatment of activated fibroblasts with IFN,/ inhibited IL-8 gene transcription induced by TNFa [36] revealed that the NF-KB-like element in the IL-8 promoter was sufficient to mediate the inhibitory effect of IFNf, [37] . Furthermore, in a gastric cell line which was synergistically induced by TNF and IFNy to produce IL-8, both AP-1-and NF-KB-like promoter elements were presumed to be involved in conferring responsiveness to TNF + IFNy [38] . These observations, therefore, stress the need to investigate whether DNA-binding factors might be involved in the modulation by LPS and IFNy of IL-8 gene transcription in PMN.
